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ABSTRACT  
The application rates for conventional herbicide for-
mulations are generally greater than the recommended dos-
age, in order to overcome losses from degradation, leach-
ing, volatilization, and sorption during the time needed for 
weed control. All these factors have encouraged the devel-
opment of controlled release formulations (CRFs), which 
can reduce herbicides levels in the environment since less 
active ingredient need to be applied for maintaining the 
herbicidal efficacy.  
 
For soil applied herbicides, such as alachlor and nor-
flurazon, the residual weed control is dependent on herbi-
cide persistence and availability in soil. The present study 
describes the preparation, characterization and application 
to soil of CRFs containing the herbicides norflurazon and 
alachlor. Ethylcellulose formulations were obtained by a mi-
croencapsulation technique. The results of the in vitro re-
lease studies in water showed that a prolonged release of the 
herbicides to solution was successfully achieved by using 
ethylcellulose microspheres. 
 
In order to compare the herbicidal efficacy and persis-
tence of norflurazon and alachlor applied as microencap-
sulated formulations with the commercial formulations, bio-
assay experiments were carried out. The formulations were 
applied as preemergence herbicides at 0.8 and 1.6 mg kg-1 
for norflurazon and alachlor, respectively, and oat (soils 
treated with alachlor) and soybean (soils treated with nor-
flurazon) seeds were sown. The herbicide persistence in soil 
was studied sowing fresh seeds in each pot at different times 
after herbicides treatment. The results showed that the ethyl-
cellulose microencapsulated formulations of norflurazon 
and alachlor protected the herbicides against their dissipa-
tion in soil, and remained biologically active longer than 
the commercial formulations.  
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INTRODUCTION 
The presence of pesticides in surface water and ground-
waters in agricultural regions and their relation with human 
health anomalies for people living in rural landscapes is 
well documented [1-3]. Alachlor is an acetanilide herbicide 
that is used for weed control on corn, soybean, sorghum 
and beans [4], and norflurazon is a fluorinated pyridazi-
none herbicide that is registered for soil-applied use in 
cotton, soybean, tree fruit and nut crops, citrus and cran-
berries [5]. Both herbicides have been frequently detected 
in surface water and groundwaters monitoring studies [4-
7], and their mobility and persistence in soil are greatly in-
fluenced by environmental conditions, such as temperature, 
moisture levels, sunlight exposure, rainfall, microbial activ-
ity, organic matter content, etc. [5, 8, 9]. 
 
Controlled-release technology is being used for envi-
ronmental pollution due to their advantages over conven-
tional formulations such as reducing pesticide losses from 
degradation, leaching, or volatilization [10-13]. Ethylcellu-
lose (EC) is a hydrophobic polymer that has been used to 
prepare microencapsulated formulations of different herbi-
cides. Preliminary studies showed the utility of EC-herbi- 
cide formulations for the prolonged release of norflurazon 
[14] and alachlor [15], as well as the reduction of their mo-
bility in soil columns when compared with their current 
commercial formulation (CF) [16, 17]. However, the re-
ported results about herbicide dissipation and weed con-
trol from cellulose-encapsulated formulations greatly vary 
depending on the experimental conditions of the study, type 
of the cellulose or herbicide used and the weed species [18-
20]. The prediction of herbicide availability towards the plant 
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in the soil serves to make sure that herbicide concentration 
in the root zone is enough to carry out its biological func-
tion. The present study describes the preparation, charac-
terization and application to soil of norflurazon and ala-
chlor-containing formulations to select the best formulation 
to achieve longer periods of weed control. 
 
 
MATERIALS AND METHODS 
Chemicals 
The commercial formulation of alachlor (Alanex 48EC, 
content of alachlor 48%) and norflurazon (Zorial 80, con-
tent of norflurazon 80%) were kindly provided by Agan 
Chemicals (Ashdod, Israel) and Syngenta Agro S.A. (Bar-
celona, Spain), respectively. Ethylcellulose [30-50 mPa 
(EC40) and 10 mPa (EC10)], were purchased from Fluka 
(Buchs, Swizerland) and Dow Chemical Co. (Rotterdam, 
Netherlands), respectively. Polyvinyl alcohol (PVA) was 
obtained from Sigma (St. Louis, USA).  
 
Soil  
The soil used was a loamy sand (classified as Typic Xe-
ropsament) with clay 84 g kg-1, silt 40 g kg-1, sand 876 g kg-1, 
organic matter 9.2 g kg-1 and calcium carbonate 69 g kg-1. Its 
pH was 8.0 and its cation exchange capacity 4.8 cmolc kg-1. 
 
Preparation and Characterization of microspheres: 
Using a previously described procedure [14], EC for-
mulations were prepared by the oil-in-water emulsion sol-
vent evaporation technique, using EC as the polymer and 
PVA as the emulsifier. All experiments were performed in 
triplicate. To characterize the microspheres, several parame-
ters such as encapsulation efficiency (EE) and pesticide 
loading in the microsphere (HL) were calculated. Likewise, 
the percentage of microspheres obtained with respect to the 
total initial materials employed was also calculated and 
defined as yield (Y). Table 1 shows the different conditions 
used in the microsphere formulations and the values of HL, 
EE and YP for each one.  
 
Release experiments: 
The herbicide release rate into water from the tested 
formulations was also determined. For this purpose, formu-
lations containing 5 mg of the herbicides were added to 1 L 
of deionised water, at 25°C with a stirring rate of 50 rpm. 
At appropriate time intervals, samples were taken and the 
herbicides were analyzed by HPLC [15, 16].  
 
Bioassay Experiments: 
All experiments were carried out with 250 g of soil, 
which was treated with the commercial and EC-formula-
tions (at 0.8 and 1.6 mg kg-1 for norflurazon or alachlor, 
respectively) and transferred to plastic pots. Soybean (nor-
flurazon) and oat (alachlor) seeds were sown on the soil 
surface of each pot. The pots were placed in a growth cham-
ber at 25 ± 1ºC with a photoperiod of 16 hours of light at 
an intensity of 11 µE/m2s. The herbicides persistence in soil 
was studied repeating the sow of fresh seeds in each pot at 
different times after herbicide treatment. The herbicidal 
effect over time was determined by comparing shoots with 
the respective herbicide untreated controls, measuring: the 
growth inhibition (%) of the fresh shoots of oat plants 
(alachlor) [15] and the chlorophyll inhibition (%) of the 
fresh shoots of soybean plants (norflurazon) by extracting 
with 15 ml of N, N-dimethylformamide. The extracts were 
incubated for 48 hours, measured by UV-spectroscopy at 
664 and 647 nm, and related to the weight of the shoots [9]. 
 
 
RESULTS AND DISCUSSION 
The results shown in Table 1 indicate that the technique 
employed is suitable for obtaining EC-formulations of ala-
chlor (AEC40-3.33, AEC10-3.33) and norflurazon (NEC40 -
10, NEC40 -5.0). Regardless the type of herbicide used, in 
all cases the HL values were very close to the theoretical 
ones, which are 9.1, 16.7, 23.1 for EC/herbicide ratios of 
10, 5 and 3.33, respectively. In general, the majority of 
values obtained for EE and Y were relatively high, ranging 
from 70 to 80%. The EE values from the EC-formulations 
indicate that about 20-30% of the herbicide is not encap-
sulated, remaining dissolved in the aqueous medium dur-
ing the microsphere preparation. This loss slightly increases 
in the case of the norflurazon containing-microspheres with 
higher EC/N ratio. This result has been attributed to the fact 
that the amount of herbicide used was the lowest (0.1g), 
and then, a greater percentage of this herbicide, in relation 
to that initially used, can be dissolved in the aqueous phase 
when the organic phase is evaporated [14].  
The results of the release experiments of the herbi-
cides into water are shown in Figure 1. In all cases, the 
herbicide release from EC formulations was greatly de-
layed in comparison with that from commercial formula-
tion (CF). Regarding alachlor EC-formulations, the poly-
mer viscosity of EC (EC10 or EC40) in the alachlor micro-
spheres did not affect to the characterization parameters 
(Table 1), whereas the herbicide release rate into water was 
appreciably affected by the type of EC used (Figure 1). 
This result is in accord with previous studies on EC-based 
microcapsules of a pharmaceutical substance (alkannin). 
The authors found that the release rate of the active sub-
stance decreases for EC with higher viscosity, since in this 
situation more compact and less porous microspheres were 
obtained, which lead to a lower diffusion of the drug 
through the polymer. [21].  
Regarding the behaviour in water of norflurazon con-
taining-microspheres exhibited increased pesticide release 
with increasing loading, when decreasing the EC/N ratio 
(Fig. 1). According to previous studies, this fact is attrib-
uted to the tendency to increase the tortuosity in hydro-
phobic polymer matrices with decreasing solute load, 
which yields the lengthening of the diffusional pathway of 
the herbicide though the polymer [14, 16, 22]. 
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Figure 2 shows the results of the efficacy and persis-
tence of alachlor and norflurazon formulations in com-
parison to their commercial formulations. In general, the 
encapsulated herbicides are more effective over time than 
that of CF at longer times. Considering the norflurazon 
formulations, CF showed initially the highest chlorophyll 
inhibition (figure 2a), although this effect did not continue 
over time. NEC40-5 showed the best behaviour in soil, 
since its herbicidal effect was higher than from CF at longer 
period of times, remaining during all time of the experi-
ment. However, NEC40-10 did not provide enough chlo-
rophyll inhibition during the experiment.  
 
 
TABLE 1 - Composition of the tested formulations and some of their characterization parameters. 
Type Ethylcellulose EC/ Herbicide ratio HL (%) 
EE 
(%) 
Y  
(%) 
NEC40 -10 EC40 10 8.37 65.6 71.2 
NEC40 -5.0 EC40 5 15.9 78.0 81.6 
AEC40-3.33 EC40 3.33 20.6 75.1 84.1 
AEC10 -3.33  EC10 3.33 201 73.1 85.6 
N: norflurazon; A: alachlor; EC: ethylcellulose; HL: herbicide loading; EE: encapsulation efficiency; Y: yield 
 
 
 
 
a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 1 - Percentage of herbicide released into water from  
norflurazon (a) and alachlor (b) EC-formulations (CF: commercial formulation). 
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FIGURE 2 - Herbicidal activity and persistence in soil of norflurazon (a) and alachlor (b) EC-formulations (CF: commercial formulation). 
 
 
Alachlor EC-formulations yielded a higher herbicidal 
effect than CF at 30 and 60 days after treatment (DAT). 
At the beginning of the experiment, the slightly higher inhi-
bition from CF, compared with EC-formulations is attrib-
uted to the slow release rate of the herbicide from the mi-
crospheres into the soil solution, in contrast to the imme-
diate release of the herbicide after its application from CF. 
The herbicidal activity of alachlor, when applied as CF, 
strongly decreased from 80% at 10 DAT to under 20% at 
30 DAT. At 60 DAT, a reduction in the herbicidal activity 
from both CF’s was observed, although their activity de-
pended on the type of the herbicide considered, since 
alachlor from CF completely disappeared and norflurazon 
applied as CF decreased to 30% (Figure 2). It can be ex-
plained by the half-life of both herbicides in soil, which 
ranged from 45 to 180 days for norflurazon, and from 3 to 
50 days for alachlor, depending on soil type [6, 9].  
 
Some authors indicated that the differences in herbi-
cidal activities among microspheres can be attributed to the 
physicochemical properties of the microsystem obtained 
[23, 24]. As previously mentioned, the different composi-
tions of the microencapsulated formulations were respon-
sible for the different release rate. At 10, 30 and 60 DAT, 
NEC40 -10 provided less inhibition than NEC40 -5 due to the 
fact that norflurazon release is much slower from NEC40 -
10 than from NEC40 -5, as was previously observed in the 
release experiments. A greater amount of the polymer sur-
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rounds the herbicide in NEC40 -10 microspheres compared 
to that in NEC40 -5 microspheres. In that situation, norflura-
zon is strongly trapped in the EC matrix, which provides 
more protection for the herbicide against biodegradation, 
but also reduces its bioavailability for weed control.  
Regarding to alachlor EC-formulations, at 60 DAT, 
AEC40 -3.33 showed the highest herbicide bioavailability 
in the soil solution. In this case, as above mentioned, the 
higher polymer viscosity (EC40 vs EC10) in this formula-
tion results in a slower herbicide release due to a slower her-
bicide diffusion through the polymer matrix [21], decreas-
ing the herbicide loss in the soil solution [16, 17].  
The type of the polymer or herbicide used strongly in-
fluence their herbicidal activity from the microencapsu-
lated formulations [18, 19, 23, 24]. In the present study, 
either alachlor or norflurazon-containing microspheres 
yielded similar percentages of herbicide released into wa-
ter, but their efficacy and persistence in soil were different. 
This fact indicates that the type of interaction between the 
herbicide and the polymer directly influences on the herbi-
cide bioavailability in the soil solution, regardless of the 
behaviour release in water, since formulations with similar 
release behaviour rates in water (NEC40-10, AEC40 -3.33) 
yield different herbicidal activity.  
 
 
CONCLUSIONS 
Regardless of the type of herbicide used, the technique 
employed is suitable for obtaining ethylcellulose microen-
capsulated formulations.  
The type of herbicide and the composition of the mi-
crospheres are responsible for the different release rate of 
the herbicides in water, which is directly related to the dif-
ferent herbicidal activity of these formulations in soil.  
The controlled release provided by ethylcellulose 
microencapsulated formulations of norflurazon and alachlor 
protects against dissipation in soil, retaining the active in-
gredient biologically active longer than in the commercial 
formulation, so that the use higher application rates of the 
herbicides is not necessary, with subsequent decrease in 
environmental contamination risks. 
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